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ABSTRACT : This study examines the nature of competition in high technology 
government markets, notably the Department of Defense and the 
National Aeronautics and Space Administration. 
comprehensive information on individual competitions for government 
contracts, turnover data and concentration ratios are developed 
as a guide to the extent to which relatively few firms dominate 
this market area. Analyses of the size distribution of leading 
government contractors also help to illuminate the nature of the 
competitors for government contracts. On balance, statements so 
frequently made concerning the large degree of concentration and 
monopoly in government procurement are not supported by the data. 
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COMPETITION I N  HIGH ‘ECHNOLQGY GOWRNMENT MARKETS’ 

It has become commonplace t o  point t o  the concentration of government 

contracts f o r  mi l i ta ry ,  space, and re la ted  high technology products i n  a r e l a t i v e l y  
l e  

- few companies and t o  bemoan the lack of competition i n  t h i s  large and growing 

market area. 

so as t o  i l luminate the nature of the competition within these high technology 

The purpose of t h i s  study i s  t o  examine the avai lable  information 

government markets and t o  see the  extent  t o  which they a c t u s l l y  a re  dominated by 

a r e l a t i v e l y  few la rge  firms. 

The r e s u l t s  i n  the aggregate are not c l e a r  cut. Medium s i ze  and f a i r l y  

la rge  firms obtain the l a rges t  market shares, r a the r  than e i t h e r  the corporate 

g ian ts  o r  t he  r e a l l y  smll firms. 

concentration i n  the market as a whole, but t o  subs tan t ia l  competi5ion i n  many 

parts of it. 

The evidence a l s o  points  t o  consiaerable 

I 

INTRODUCTION 

compri 

The government markets 

e pr imari ly  the expend 

f o r  high technology products i n  the United S ta tes  

t u re s  by the  Department of Defense (DOD) and the 

iu’ationai Aeronautics and space Administration (NASA) f o r  research and development, 

production of weapon ard sgace systems and e\i!iI;nent, and construction projects .  

These are the  two agencies t h a t  account f o r  the grea t  bulk of government 

sponsorship of science and technoloay and also purchase on a la rge  sca le  the  

products and systems t h a t  r e s u l t  Prom the R & D e f f o r t s .  Included but not 

emphasized i n  t h i s  study a re  rrocurements of items common t o  both the mi l i t s ry-  

space and the  c i v i l i a n  markets, such as medical supplies. Outlays f o r  personnel, 

c i v i l i a n  publ ic  works, and t r ans fe r  payments are excluded. 
L 

%“he author  i s  indebted t o  Stephen Seninger, who served as h i s  research 
a s s i s t a n t  on this study. 
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Because these high technology markets a r e  so completely subject  t o  the 

changing needs of the governmental customer, re la t ionships  between buyers and 

s e l l e r s  d i f f e r  from those i n  the commercial sec tor  of the economy. By the 

se lec t ion  of contractors,  the government can control  en t ry  and exit, can g r e a t l y  

a f f e c t  the growth of the firms involved, and can impose i t s  ways of doing 

business on the  companies par t ic ipa t ing .  2 

Contracts a r e  le t  a s  a r e s u l t  of negotiation with a group of suppl iers  

chosen by the buyers. The governmental buyers normally request proposals from 

among the  various firms who are i n  a posi t ion t o  undertake the magnitude of 

I R & D and production required. However keen competition among the prospective 

suppl iers  may become, it w i l l  relate t o  their  technological capabi l i ty  and not  

simply t o  pr ice .  The nature of the buyers' demands may be f a r  l e s s  a d i r e c t  

function of t h e i r  budgets than of the products o r  systems avai lable  through 

technological advance. More fundamentally, the ictessity of t h e  governmental 

demands may result from the advances i n  mi l i ta ry  and space technology achieved 

by o ther  nations.  

Eie grea t  bulk of the work is  performed by corporations oriented t o  public 

requirements rather than market demands. These government-oriented corporations 

are companies o r  f a i r l y  autonomous divis ions of la rge ,  d ivers i f ied  corporations 

whose dominant customers a re  the  defense and space agencies of the Federal 

Government. The close,  continuing relat ionship between the government and these 

2 C f .  Merton J. Peck and Frederic M. Scherer, The deapons Acquisition Process: 
An Economic Analysis, Boston, Harvard University Graduate School of Business 
Administration, 1962; W i l l i a m  L. Baldwin, The Structure  of the Defense Market 
1955-1964, Durham, Duke University Press,  1967. * 
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I corporations i s  more tnan regulation by Federal agencies o r  s e l l i n g  i n  markets 

where the government is  a major determinant of pr ice ,  as i n  the case of public 

u t i l i t i e s ,  agr icu l ture ,  o r  mining. Rather, it is  the intertwining of the  public 

and pr iva te  sec tors  so that it i s  d i f f i c u l t  t o  ident i fy  when spec i f i c  entrepreneurial  

o r  management functions i n  a given organization a r e  being performed primarily by 

government agents o r  by pr iva te  individuals on business payrolls.  This mixing 

of public and pr iva te  roles  i n  i n t e r n a l  business decisions of government 

contractors r e l a t e s  t o  such basic a c t i v i t i e s  as the i n i t i a t i v e  f o r  new under- 

taking and risk-bearing and ranges from product development decisions t o  the 

remuneration of management. 

THE SELLERS 

As i s  generally known, a r e l a t ive ly  l imi ted  number of companies receive 

the  bulk of the  defense and space contract  awards. I n  the f i s c a l  year 1966, the 

100 companies obtaining the l a r g e s t  do l l a r  volume of mi l i t a ry  prime contracts  

accounted f o r  64 percent of the Department of Defense t o t a l .  I n  the case of NASA, 

t he  top  100 companies received 91 percent cf the t o t a l  coiitracti; awaided ciuring 

3 the  year. 

However, any adequate ana lys i s  of competition i n  these high technology 

government markets must examine both the nature of the sellers and the  products 

being purchased by the  buyers. As an indicat ion of the l imited usefulness of 

these i n i t i a l  aggregate comparisons, the 64 percent share of defense contracts  

obtained by the  100 leading contractors  i n  1966 i s  subs tan t ia l ly  below the range 

3Department of Defense, 100 Companies and Their Subsidiary Corporations 
c t a r y  - _  ._ Prime Contract Awards, Fisca l  Year 

- 
op. c i t . ,  Chapter 11. 
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of 72-74 percent experienced during 1960-64, p r i o r  t o  the expansion of Vietnam 

requirements. The decline i n  r e l a t ive  importance was experienced e n t i r e l y  by the  

top 25, whose share declined from 52.9 percent i n  1964 t o  43.0 percent i n  1966 

” (see Table 1). 

This s h i f t  re f lec ted  no subs tan t ia l  change i n  competitive forces,  but r a the r  

the s h i f t  i n  the buyers’ requirements and hence the proportionally smaller ro l e  

of the  aerospace g ian ts  i n  procurement dominated by the  conventional product 

requirements of l imited war. 

t o  company en t ry  o r  growth i n  government markets a r e  r e l a t i v e l y  low; government 

provision of fixed c a p i t a l  i n  the form of loan of p lan t  and equipment and working 

c a p i t a l  i n  the form of progress payments undoubtedly i s  an important explanatory fac tor .  

This development also demonstrated tha t  the b a r r i e r s  

Tab le  1 

CONCENTRATION TmNDS IN MILITARY PROCUREMENT, FISCAL Y M S  1960-66 
Shares Received By Major DOD Contractors 

Company R a n k  

1st 
2nd 
3rd 
4 t h  
5th 

1 - 5  

6 - 10 
11 - 25 
1 - 25 

26 - 50 
5 1  - 75 
76 - 100 
1 - 100 

- 1961 1962 1963 1964 1965 1966 

5.4 4.9 3- 5 
3.5 3.4 

6 -  5$ 5.6s 5.9% 5.84 7 4  4 . 6  
1. / 
*.U 

5.2 
1, -I 

4.7 
- t . l  I ,  1, 

5.2 
7.7 

E 3  

i:; 4.0 4.0 4.1 3.4 3.4 
3.8 - 3.8 - 4.0 3.1 24.-8 22.5 23.2 

11.8 11.1 10.9 12.0 10.2 9.0 
18.2 17.2 - 17.8 17.1 . 16.0 16.4 
54,8 50.8- 51.9 52.9 48.2 43.0 
11.0 12.6 13.7 12.9 13.0 12.1 

5- 5 6.0 5.5 5.4 

A l l  other 26.6 - _ _  ~ 25.8 27.7 26.1 26.6 31.1 36.2 
Total  100.0 100.0 100.0 100.0 100.0 100.0 100.0 

. 
Source: 
According t o  Net Value of Mi l i ta ry  Prime Contract Awards, F i sca l  Year 1966. 

Department of Defense, 100 Companies and Their Subsidiary Corporations Listed 



Although t h i s  analysis focuses on mil i tary contractors, it needs t o  be 

noted t h a t  the  correspondence between the  major DOD and NASA contractors is quite  

high. For exanple, 16 of the top 25 NASA suppliers i n  f i s c a l  1966 were also 

- among the top 25 DOD contractors; the  other 9 a l l  made t he  top  100 DOD l i s t  f o r  

I t he  year. 
1 -  

An analysis  of t he  s i ze  d is t r ibu t ion  of the top 100 DOD contractors provides 

It can be seen (Table 2) another dinension t o  the s t ructure  of eoverment markets. 

that the giants  do not dominate, contrary t o  much of the writ ing on the so-called 

military-industrial  coqdex. Rather, the m e d i u m  s ize  corporations receive the 

la rges t  share of the or&ers f o r  high technology government products. 

t ions  with asnets of $1 b i l l i o n  o r  over received only 17 percent of the DOD contracts .  

i n  1965, while the 30 companies with assets  i n  the $250-999 mil l ion range received 

39 percent of the coatracts.  

the 37 c o q m i e s  with asse ts  below $250 million accounted f o r  only 11 percent of the-.. 

t o t a l .  

The 27 corpora- 

. - 
Relatively small companies did proportionally poorer; 

Table 2 

SIZE DISTPIBUTION OF MAJOR DEFENSE CONTRACTORS, F'ISCAL YEAR 1965 

Asset -. Sizea 110. of Coznpanies Share of Defense Contractors-- 

$5 b i l l i o n  & over 7 6.4$ 

.._- 

$1 - 5 bi3.bion 20 11.0 

$500 - 999 mill ion 14 26.0 

$250 - 499 p i l l i o n  16 12.7 

$100 - 250 million 15 6.2 

Under $100 mill ion 22 5.1 

6 
Totnl 100 

- Non p r o f i t  i m t i t u t i o n s  

- 8  Excludes a s s e t s  provided by the Federal Government 

Source: Department of Defense; Fortune, July, 1966, pp. 232-7248; and Moody's 
*' Indus t r i a l s ,  1966. 
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Another dimension of the structure of the government markets f o r  high 

technology products re la tes  t o  the extent of dependence on government work among 

the  major contractors, that  is, t o  the nature of the Government-oriented corporations. 

Again, the data indicate tha t  the firms most heavily dependent on mil i tary orders 

a re  the medium-sized companies ra ther  than the giants of American industry (see 

Table 3) .  Of the top 100 defense contractors i n  1965, for the seven w i t h  a s se t s  

of $5 b i l l i on  o r  over, defense contracts equalled less than 10 percent of t h e i r  

sales. 

equalled l e s s  than 25 percent of sales. 

For those 20 firms with asse ts  i n  the $1-5 b i l l i on  range, defense orders 

In contrast, 21 out of the 44 firms with 

assets of $100-999 million obtained defense contracts exceeding 25 percent of t h e i r  

sales;  i n  the case of 10 of these firms these government orders exceeded half of 

t h e i r  sales  volume. 

Table  3 

IMPORTANCE OF DEFENSE ORDERS To TOP DOD CONTRACTORS, 
RANKED BY ASSm SIZE, 1965' 

Asset Size b Defense Contracts a s  Percent of Sales 
75-1W 50-7454 25-499 10-2536 ~ e s s  than LO$ 

$5 b i l l i o n  and over 0 0 0 0 7 

$1-4.9 b i l l i o n  0 0 0 5 15 

$500-999 million 2 0 5 6 1 

$250-499 million 1 3 2 5 4 

$100-249 mill ion 2 2 4 6 1 

Less than $100 million 4 5 6 1 0 

a Includes a l l  business firms l i s t e d  i n  DOD report on top 100 contractors, but 
excludes univers i t ies  and non-profit inst i tut ions.  

Contracts cover government f i s c a l  year 1965; sales cover company f i s c a l  year ending 
i n  1965. 

b 
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Also, the majority of the  smaller firms, those with assets under $100 mil l ion 

received defense contracts  exceeding 50 percent of their  sales .  

i s  hardly typ ica l  of the thousands of smaller businesses par t ic ipa t ing  i n  government 

markets; rather, it r e f l e c t s  t he  nature of t he  sample, which i s  limited t o  firms 

receiving the largest absolute amounts of defense contracts .  

This experience 

THE NATURE OF C O M P ~ I T I O N  

Wwing the  pas t  decade, over 80 percent of  the  government procurement of 

high technology products and systems has been made through negotiated r a the r  than 

sealed-bid purchasing; hcnce, p r ice  is not determined by the in te rp lay  of r e l a t i v e l y  

impersonal market forces. 

The governnent agencies involved maintain that negotiation does not s ign i fy  

lack  of competition. 

that, "The f a c t  i s  t h 3 t  the great majority of negotiated procurements are made on 

a highly coEpetit ive basis! 

piece of equipment w e r e  solicited and keen price c ~ ~ p ~ t i t i ~ ~ ~  PI?EE&+ 

The Army's Deputy Chief of S ta f f  f o r  Logis t ics  has stated 

4 
€:e c i t ed  a case where 189 po ten t i a l  producers of a 

The Armed Services Procurement Act, under which both DOD and NASA operate, 

requires  t h a t  awards be made t o  the bidder whose bid, price and other  f ac to r s  

considered, is most advantageous t o  the Government. 

v a r i e t y  of o ther  f ac to r s  on which r i v a l  po ten t ia l  suppl iers  compete. 

I n  pract ice ,  there  i s  a 

The previous 

U. S. House of Representatives, Committee on Appropriations, Hearings 4 
- on Department of Defense Appropriations f o r  1963, Part  4, Washington: 
Government Pr in t ing  Office, 1962, p. 19. 
o f f i c i a l s ,  industry executives, the t rade press ,  and knowledgeable c r i t i c s  
ind ica te  an overwhelming, perhaps unanimous agreement, that competition i n  the 
sense of i n t e r f i r m  r i v a l r y  i s  intense i n  the defense market." 

U. S. 
"Comments of Department of Defense 

Baldwin, op. c i t . ,  
p. 117. 
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performance of the company may be an extremely useful  indicator of its effectiveness 

on a future contract. The present ava i lab i l i ty  of skil led manpower and other 

resources also may be an important determinant of its future performance. 

emphasis on non-cost factors,  par t iculsr ly  i n  awarding R & D contracts, has been 

pointed out On numerous occasions. 

The 

A Director of Procurement of the A i r  Research and Development Commend 

stated t o  a Congressional committee that, i n  contracting f o r  research, "The most 

compelling fac tor  i s  the technical competence of the individual o r  firm under 

consideration ... The f inancial  responsibil i ty,  f a c i l i t i e s  available t o  perform 

the work, a b i l i t y  t o  obtain security clearance, and performance experience on 

previous contracts are a l so  major factors considered. ' I 5  

On large production contracts, cost may become a more dominant element. 

On a l l  types of large system contracts, the influence of cost i s  ind i rec t  as 

w e l l  ae direct. 

i n  the budget against  a l ternat ive systems that may f u l f i l l  similar missions ( fo r  

example, strategic bombers vs. fCBM's, both of which provide nuclear offensive 

capabili ty).  With the current emphasis i n  mil i tary planning on the r e l a t ive  

cost-effectiveness of a l ternat ive weapon systems, the importance of the cost  

fac tor  is tending t o  increase. 

Thuro*~@~~.it the prdiiction period, the i t e m  i s  competing f o r  Aurds 

Frederic Scherer c i t e s  the cancellation of the Skybolt missile as an example 

of the adverse results of a contractor permitting costs t o  rim excessively. He 

contends that the  immediate o r  po ten t ia l  competition of subst i tute  systems which 

%. S. Senate, Select Committee on Small Business, The Role o f  S m a l l  
m i n e s 8  i n  Defense Missile Procurement -- 1958, Hearings before a Subcommittee, 
Apri l  29 - May 1, 1958, Washington: U. S. Government Printing Office, 1958, p. 59. 
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threaten a firm with program cancellation or 

behavior in many ways. Factors specifically 

reduction may affect the firm's 

affected could include the propensity 

to innovate, time-quality-cost tradeoff decisions, efforts to achieve efficiency, 
6 talent allocation decisions, and morale. 

However, Hall and Johnson use the term "rivalry" in place of competition in 

discussing the military market, pointing out that usually when an economist uses 

the term "competition", he means rivalry with price as the weapon, Almost invariably 

in military contracting, congetition means rivalry between potential contractors 

about any variable, but most often technical perf~rmance.~ Also, Peck and Scherer 

state, "Yet however pervasive this competition it is not the price competition 

that occurs in a mrket situation. 118 

THF: MmSUREMENT OF COMF'EZITION 

It is helpful to develop some quantitative measures of the degree of competition 

or rivalry in government markets for high technology products. Using aggregate data, 

in the fiscal year 1966 the Department of Defense and NASA categorized their procure- 

ments as follows, indicating that the bulk of NASA procurement and one-half of M3D 

awards were competitively let: 

%rederic M. Scherer, The Weapons Acquisition Process: Economic Incentives, 
Boston, Harvard Vniversity Grz.uate School of Business Administration, 1964, 
PP* 22, 53. 

.IGeorge R. Ea11 aad Robert E. Johnson, A Review of Air Force Procurement, 
1962-1964, - RAND Corporation Memorandum RM-4500-Pr, May 1965, p. 47. 

'Peck and Scherer, op. cit., p. 57. 
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m e s  of Competition 

Noncompetitive: 

Follow-on after price or design competition 
Other one-source solicitation 

Competitive: 

NASA DOD 

Percent of Total 

- - 

20.0 9.1 
30.0 25.0 

Formally advertised 14.2 2.7 
4.7 Small business and labor surplus area set-asides 

Other price competition 
Open market purchases of $2,500 or less 4.6 (63.1 

Total 100.0 100.0 
t - Design or technical competition 2;:: 

However, the Pentagon's statistics on the proportion of contracts which is 

awarded on the basis of competition have been criticized on several occasions. 

Recently, the Comptroller General has chided the Department of Defense for 

classifying as competitive all awards under $2,500 and contracts for which only 

one bid was received, although requests for proposals had been sent out to several 

firms. 

inciuding information on the number of companies that actually responded with bids, 

l 
9 Unfortunately, comprehensive statistics on individual competitions, 

are not available. 

Turnover Among Government Suppliers 

One method of indirectly analyzing the degree of competition is to examine 

the turnover among the dominant firms in a given market area. Table 4 summarizes 

the turnover among defense contractors during the past decade. 

it would appear that the entrenchment of the dominant firms is striking; 21 of the 

Viewed in isolation, 

9U. S. Congress, Joint Economic Committee, Economy in Government, Part 1, 
Washington: U. S. Government Printing Office, 1967, p. 9, Cf. also Hall and 
Johnson, op. cit. , p. 88. 
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top 25 contractors i n  1966 were a lso  i n  the top 25 i n  1957. 

interest ing to compare t h i s  resu l t  with the turnover during the same period among 

a l l  American indus t r ia l  corporations, ranked by t o t a l  sales. 

However, it nay be 

It turns out that 

21 of the top 25 indus t r ia l  firms i n  1966 a lso  were on the l i s t  of the top 25 i n  

- 1967. The exact correspondence t o  the defense s i tuat ion may be quite coincidental. 

However, the comparison indicates that  market concentration is not unique t o  
I government purchasing. 

Th@ relat ively great s t a b i l i t y  of the dominant firms i n  the  mili tary market, 

which a re  mainly the large aerospace and electronics companies, results i n  good 

measure from the substantial  barr iers  t o  both entry in to  and e x i t  from the wrket +?or 

major veapen systems. .The entry barriers .mainly 'take the form of. icientific development 

capabilities required t o  design and produce modern weapon systems. The e x i t  

barriers, i n  contrast, can be inferred from the many unsuccessful attempts these 

companies have experienced i n  penetrating commercial markets. 

I n  contrast, considerable mobility is evidenced i n  the ranking of the firms 

which 'nave large, but not so marked, shares of defense business. O f  the next 

Table 4 

Top 100 
Contractors 
FY 1966 

Ranking i n  Calendar Year 1957 
To tal  - - 1-25 26-50 31-75 76-100 Below 100 

1 - 25 21 2 0 0 2 25 

26 - 50 3 8 5 4 5 25 

51 - 75 0 4 2 2 17 25 

76 - 100 0 2 2 3 18 25 
Total 24 16 9 9 42 100 

Source: 
According t o  Net Value of -Military Prime Contract A w a r d s ,  F iscal  Year 1966 and 
Calendar Year 1957. 

Department of Defense, 100 Companies and Their Subsidiary Corporations Listed 
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75 firms, 42 o r  56 percent were not on the l i s t  of the top 100 defense contractors 

i n  1957. Between 1965 and 1966 alone, 28 percent of the firms on the  top  100 l i s t  

were replaced. 

a l s o  r e f l e c t s  the changing product mix of government procurement and, hence, the 

influence of technology. 

firms i n t o  the mi l i t a ry  market as suppl iers  of mechanical ground support equipment, 

fabr ica tors  of s i l o s ,  and bui lders  of t racking s ta t ions .  The decl ine i n  missi le  

procurement and the r i s e  of ordnance required a d i f f e ren t  set of technica l  

capab i l i t i e s  and a new var ie ty  of industr ies .  

This shif t ,  which occurred primarily among non-aerospace firms, 

A decade ago, the la rge  missi le  programs brought many 

Concentration Ratios i n  Governyent Rirkets 

Another i nd i r ec t  method of estimating the  degree of competition i n  high 

technology government mrkets i s  t o  examine the degree of concentration of sellers 

i n  the major product categories.  

competitors o r  the sever i ty  of competition f o r  individual  contracts.  

however, the da ta  ind ica te  the extent t o  which d i f f e ren t  f irms are ac t ive  i n  the 

various segments of the rosrket. 

Such s t a t i s t i c s  do not reveal  the number of 

A t  the  least, 

There has been considerable discussion i n  the literature concerning the 

v a l i d i t y  and usefulness of concentration r a t i o s  as measures of i n d u s t r i a l  concen- 

t r a t i o n  and conpetit ion.  

f a i r l y  crude approximation but, so f a r ,  it is the only thing w e  have which f i ts  

the  requirements of econoaic theory tha t  it have some relevance t o  market behavior. 

Adelman concludes that ,  ''as a general s t a t i s t i c a l  matter, the  grea te r  the concentration 

Eorr i s  Adelman s t a t e s  tha t  "The concentration r a t i o  i s  a 

,I 10 

%conomic Concentration, Hearings before the Subcommittee on Ant i t rus t  
and Monopoly of the Committee on the Judiciary,  U. S. Senate, Pa r t  1, Washington: 
U. S. Government Pr in t ing  Office, 1964, p. 231. 



the  lower the  odds i n  favor of competitive behavior". 

refined measures have been proposed, but t h a t  they have not a s  ye t  proved useful.  

He points  out t h a t  more 
11 

The concentration r a t i o  takes account of both the number and s i ze  d i s t r ibu t ion  

of firms i n  a market, yet  presents the  r e s u l t s  i n  a form simple enough t h a t  it is  

easy t o  i n t e r p r e t  and t o  nzke comparisons with other  markets. 

concentration r a t i o  it i s  necessary t o  rank firms i n  order of s i z e ,  s t a r t i n g  from 

the l a r g e s t  i n  t h e  indus t r j .  Size is  usual ly  measured i n  terms of e i t h e r  s a l e s  

o r  employment. Then, s t a r t i n g  from the top of the l ist ,  the percentages of the 

industry o r  market a r e  then cumulated. 

cumulative concentration r a t i o s  for  the  l a rges t  four, l a rges t  e ight ,  and sometimes 

the l a r g e s t  twenty firms i n  an industry.  

To compute a 

Published s t a t i s t i c s  usual ly  present 

The concentration r a t i o  f o r  a monopoly would, of course, be 100 percent. 

The r a t i o  f o r  the l a rges t  four  firms i n  a competitive industry would be r e l a t i v e l y  

small, perhaps f i v e  or t e n  percent. 

markets would show concentration r a t io s  somewhere i n  between these two extremes. 

Table 5 is  an attempt t o  6evelop concentration r a t i o s  for  an important segment 

of the  high technology government market, A i r  Force procurements i n  the f i s c a l  

year 1966. 

of data. 

among the product categories.  

cont rac ts  (by value) ann f o r  only 7 percent of miscellaneous supplies and equipment. 

The highly concentrated (o l igopo l i s t i c )  
1 9  - 

This market segment has been selected because of the a v a i l a b i l i t y  

It can be seen tha t  the impl ic i t  degree of competition var ies  subs tan t ia l ly  

Four firms account f o r  86 percent of the engine 

12Cf. Richard Caves, American Industry: Structure,  Conduct, Performance, 
Second e d z i o n ,  Englewood. C l i f f s ,  New Jersey: Prentice-Hall, 1967, p. 8. 
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Table 5 

MARKET CONCENTRATION I N  U. S. AIR FORCE PROCURENENT, FISCAL YEAR 1966 

Percent of Contracts 

Market Category 

Containers 
Ai rcraf t  engines 
Transportation equipment 
Comb a t  vehi cles 
Other fue ls  and lubes 

Airframes and spares 
Non-combat vehicles 
Photographic supplies and 

Construction equipment 
Petroleum 

equipment 

Ships 
Ytssile and space systems 
Materials handling equipment 
Construction 
weapuuo r i  ----- 

Other aircraft p a r t s  
Building supplies 
Electronics  equipment 

Production equipment 
Arnrn1.n.l t 4  e r n  
.YyLI.yL.* ..*".. 

Services 
Medical and dental  equipment 
Text i les  and clothing 
Subs is t ence 

Size 
(I'iillions) 

$ 7.2 
2,184.9 

9.1 
590.3 

54.3 

4 , 760.2 
999.2 

164.8 
217.1 

1,279.4 

1,436.2 
4,394.8 

105.3 
1,856.1 

523.5 

1,053.6 
411.7 

3,995.0 

179.5 

3,040.9 
215.2 

1,286.4 
1,102.4 

2,892)=4 

A l l  o the r  supplies and equipment 1,463.6 

Top seven firms 
1 

2Top s i x  firms 

Top 4 
Firms 

88.2 
86.5 
83.0 
65.4 
64.3 

55.8 
55.5 

52.8 
43.6 
38.3 

37.5 
35.4 
35.2 
34.0 

- 

21 7 
"A. - 
23.7 
23.4 
22.8 
20.7 
20.6 

17.6 
17 .2  
13.2 
8.0 
7.5 

Top 8 
Firms 

1 94. l1 
92.4 
93.6 
78.7 
71.1 

78.6 
68.5 

68.0 
65.1 
54.3 

53.5 
55.6 
46.6 
36. 22 
-- 19,o 

37.4 
38.0 
35.0 
31.1 
34.4 

24.5 
27.3 
19.6 
10. 32 
12.0 

Companies with over 
1% of contracts 

94.1 
92.4 
96.6 
81.1 
84.0 

91.2 
73.9 

77.1 
76.3 
69.9 

63.5 
82.7 
64.2 
36.2 
51.2 

60.1 
70.1 
49.7 
57.8 
60.2 

30.4 
48.3 
23.3 
10.3 
13.0 

Source: 
Headquarters U. S. Air Force. 

Computed from da ta  supplied by Data Services Center, Comptroller, 



NO doubt a f i n e r  breakdown ( f igh te r s ,  bombers, t ransports ,  t r a ine r s ,  e t c .  i n  the  

a i r c r a f t  category, f o r  example) would show a grea te r  degree of concentration. 

l e v e l  of product aggregation used here i s  based e n t i r e l y  on the l imited a v a i l a b i l i t y  

The 

of data. 

Some fu r the r  analysis  of the raw data  i n  Table 5 may be he lpfu l  i n  indicat ing 

the  extent  of concentration i n  A i r  Force purchasing. It would seem des i rab le  t o  

eliminate the  categories which a re  so mall t h a t  it i s  unlikely t h a t  they const i tuted 

meaningful areas  of conpetit ion,  For example, even though 4 firms accounted f o r  

over 88 percent of A i r  Torte contracts  for  containers i n  the f i s c a l  year 1966, 

t o t a l  awards f o r  conta imrs  only CD.E? t o  $7.2 mill ion.  

f rui t ful  t o  concentrate on the 17 product Categories i n  which t o t a l  awards f o r  

the year were $250 mill ion o r  nore. 

Hence, it may be more 

It i s  necessary of  course t o  u t i l i z e  some standards f o r  measuring concen- 

t r a t i o n .  

l a r g e s t  e igh t  firms control  70 percent o r  more of the sa l e s  of the  industry. 

However, Kaysen ar,d Turner provide less s t r ingent  standards. 

Joe Eain has sucgested t h a t  high s e l l e r  concentration occurs when the 
13 

They view r e l a t i v e l y  

concentrated induzt r ies  o r  "oligopolies" as those where the l a rges t  e igh t  firms 

make 33 percent o r  more of the shipaents. They group ol igopol ies  i n t o  two 

categories.  Type I, heavily concentrated indus t r ies ,  e x i s t  where the l a rges t  

e igh t  firms make a t  l e a s t  50 percent of t h e  indus t ry ' s  shipments and the  l a r g e s t  

twenty f i r m  make a t  l e a s t  75 percent. 

concentrated indus t r i e s ) ,  the  f i r s t  e ight  firms make 33 percent o r  more of the  

shipments, but less than 50 percent. 

I n  Type 11 oligopol ies  (moderately 

14 

13Joe S. Bain, Ear r ie rs  t o  New Competition, Cambridge, Harvard University 
Press, 1956, pp. 195-1$. 

14Carl Kaysen and Donald F. Turner, Ant i t rus t  Policy: An Economic and 
Legal Analysis, Cambridge, Harvard University Press, 1959, p. 30. 
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O f  the 17 major A i r  Force product categories, i n  only three cases did 

eight  companies account fo r  70 percent or more of the 'Imarket" (using the Bain 

c r i te r ion  of high concentration) -- a i r c ra f t  engines, combat vehicles, and 
* 

airframes and spares. Large market areas which then, would be considered areas 

of "moderate t o  low" concentration by the Bain c r i te r ion  include such important 

cases as missile and space systems, weapons, ammunition, electronics equipment, 

construction, and noncombat vehicles. Some of these market categories apparently 

not dominated by a few firms are  ones characterized by extremely advanced 

technology, notable missiles, space, and electronics.  

However, i f  we use the Kaysen-Turner standards of market concentration, 

a somewhat l e s s  sanguine picture emerges of competition i n  the high technology 

government market under study. 

ammunition, services, t ex t i l e s  and clothing, subsistence, and a l l  other supplies 

Only five "unconcentrated" markets show up -- 

and equipment -- and some of these a re  rather broad and heterogeneous product 

groupings. Type I oligopolies -- the more heavily concentrated market areas -- 
include the three cases that meet Bain's c r i t e r ion  plus missile and space systems. 

Eight other market categories show up as category I1 oligopolies (see Table 6). 

More aggregate comparisons a l so  can be made. However, no clear  picture 

emerges when U.S.A.F. procurement i n  1966 i s  compared with the American indus t r ia l  

market s t ructure  as a whole i n  1958, the l a t e s t  period for which comparable data 

a re  available.  Weighted aggregated four-firm concentration ra t ios  are  compared 

below : 
- 

Percent of Value of S h i & ? n t s  by Category 
of Concentration Ratios 

Total  - 0- 50 75-100 20-75 - 
7- 9% 14 7$ 77- 4% 100. o$ 15 U. S. manufacturing, 19% 

U. S.A. F. procurement, 1966 6.4 19.2 74.4 100.0 

15Economic Concentration, op. c i t . ,  Part  1, p. 3. 



In the category of greatest  concentration, A i r  Force procurement is 

.. s l igh t ly  less concentrated than manufacturing as a whole. 

indicates that 7.9 percent of t o t a l  manufacturing shipments i n  1958 were from 

industries i n  which 4 firms accounted for  75 percent o r  more of  the value of 

shipments, while only 6.4 percent of the U. S. A i r  Force contracts awarded i n  

f i s c a l  year 1966 were i n  product categories where 4 firms accounted f o r  75 percent 

o r  more of the contracts. 

four firms account f o r  50 t o  75 percent of the market, the A i r  Force procurements 

are shown t o  be more highly concentrated; 19.2$ of the U.S.A.F. contracts were in 

th i s  category while only 14.746 of t o t a l  manufacturing were. 

The above comparison 

However, i n  the medium range of concentration, where 

a b l e  6 

MARKET CHARACTER OF A I R  FORCE PROCUREWNT 

Heavily ' 

Concentrated 

Aircraf t  Engines 

Moderately 
Concent rated 

Non-combat Vehicles 

Airframes & Spares Petroleum 

Missile and Space Systems Construction 

Weapons 

Other Aircraft  Parts 

Building Supplies 

Electronics Equipment 

Zeiatively 
Unconcentrated 

Subsistence 

A m m r q n i  +i nc 
--.I "I" 

Services 

Textiles and Clothing 

A l l  other Supplies 
and Equipment 

Source: 'LBble 5 and Kaysen and Turner, op. c i t .  
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More of the total manufacturing market was in the relatively unconcentrated 

category (concentration ratios of less than 50 percent) 0-  77.4% compared to 

74.45 of the Air Force. 

bulk of both manufacturing output as 8 whole and Air Force requirements in 

particular were purchased from relatively unconcentrated industries, indicating 

substantial amounts of at least potential competition. 

hardly conclusive. 

ments would be needed and over longer time periods before any conclusions on the 

extent of competition in this market area could be reached with confidence. 

Of perhaps greater relevance is the fact that the vast 

The comparisons are 

More comprehensive data on high technology government procure- 

SUMMARY AND CONCLUSIONS 

I 1. The high technology government markets stand at the intersection between 

the public and private sectors in the American economy. This unique market area 

(the purchases by the Department of Defense and NASA) has sevppal, distinguh3hing 

characteristics: it is in a sense the controlling 

determinant of sales; technical capability is a major competitive requirement; 

technological change leads to rapid obsolescence ; production occurs after tie 

sale and is not for inventory; and the bulk of the work is performed by corporations 

oriented to public requirements rather than market demands. 

I 2. A relatively limited number of companies receive most of the defense 

and space contract awards. In the fiscal year 1966, 100 companies accounted for 

64 percent of the defense contracts awarded and 91 percent of the NASA contracts. 

The correspondence between the major DOD and NASA contractors is quite 3. 

Of the top 25 NASA contractors in fiscal 1966, 16 also were among the top high. 

. 25 DOD contractors. The other 9 a l l  nude the top 100 DOD contractors for the year. 



4. The g ian t  firms, however, do not dominate government procurement. The - 
medium s i ze  corporations (those w i t h  asse ts  i n  the $250-999 mil l ion range) receive 

l a rge r  shares of Oefense contracts  than e i t h e r  the very large firms (those with 

assets i n  excess of $1 b i l l i o n )  o r  r e l a t ive ly  small firms (those wi th  assets 

below $250 mil l ion) .  

5. The firms most hczvily dependent on mi l i t a ry  orders also are the 

medium-sized corpanies and not the giants  of American i;l:’v.r:ry. O f  the  companies 

on the l i s t  of the to:! 100 COD contractors i n  1965, the great majority of those 

with assets of $1 b i l l i o n  o r  more obtained most of t h e i r  sales from c i v i l i a n  

markets. The m j o r i t y  of th?  s x l l e r  f i r m  i n  the  l i s t  received the bulk of 

their sales from mi l i ta ry  custoaers. 

6. Unlike other  rm-kets, competition i n  high technology government markets 
_._ . . -_  _-- 

relates more of ten t o  t e c h i c a l  performnce than t o  pr ice .  Based on t h i s  broad 

view of c o q e t i t i o n ,  I;RS& reports  t h a t  the bulk 63 percent of i t s  contracts  a r e  

-----L.*-.IIIIP.C-U-U-_L- e... I..’ ~~~ -----.-.. .cvyLIL-a 

l e t  competitively; f o r  the DOD the competitive share came t o  50 percent i n  1966. 

However, data on individu9.l comFetitions a r e  not avai lable .  

examine the turnover among the doxinant f i r n s  i n  a market. 

the  e n t r e n c h m t  of thz Coxinant IMD firms i s  s t r ik ing;  21 of the top 25 contractors  

Viewed i n  i so la t ion ,  

i n  1966 were also i n  the  top 25 a 2ecad.e e a r l i e r .  However, the exact  same result 

occurs when the  tuznover a z m g  a l l  Amwican i n d u s t r i a l  corporations i s  examined 

during t h e  s m c  period -- 21 of the top 25 i n d u s t r i a l  firms i n  1966 also were 

on the list of the top  25 i n  1957. This indica tes  t h a t  market concentration i s  

not unique t o  government purchasing but is cha rac t e r i s t i c  of American industry. 
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.. 
8. Another ind i rec t  measure of the in t ens i ty  of competition is  the concen- 

t r a t i o n  r a t i o  which indicates  the share of a market obtained by a amal l  number 

of firms. 

limited competition) occurs when the l a rges t  e ight  firms control 70 percent o r  

It has been suggested t h a t  high s e l l e r  concentration (and hence possibly 

more of the sa l e s  of an industry. An analysis of the 17 mJor product categories 

f o r  A i r  Force procurement i n  1966 reveals t h a t  only three cases met t h i s  requirement 

f o r  high concentration -- a i r c r a f t  engines, combat vehicles, and airframes and 

spares. Large market areas  which would not be considered highly concentrated 

include missi le  and space systems, weapons, ammunition, e c t r o n i c s  equipment, 

and construction. 

indicate  more cases of implied l e s se r  competition. 

Less st r ingent  standards of market concentration, of course, 

9. On balance, statements so frequently made concerning the large degree 
,**.-r-.-___ - -1. -- .--... . __ - 

of concentration and monopoly i n  mil i tary and re lated government procurement do 

not appear t o  be supported by the data  publicly ava i lab le .  Medium sized rather 

than giant  firms receive the l a rges t  market shares and subs tan t ia l  competition 

occurs, a t  least i n  large and important segments of these markets. 

I--- ~ - - - - - - ~ ^ ~ * " - - ~ - , - ~ - , . -  -- - -.- 

--.?Li?*Ul-tmm,,> - .  . -4"..WI-r - .d-wa-m---=""--"-= -- - - -- - 

-_w -=- * I- - -------.-'....----- -- L R.uL C.r- ___ __-__ __ , ~ * 

&---l- - = - M i .  -Y-- ---- 
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Appendix Table 1 

C O N C m n O N  I N  U. S. A I R  FORCE PROCUREMENT, FISCAL YEAR 1966 

Market Category 
and Company 

Aircraft Engines 

1. United Aircraft  Corp. 
2. General Electr ic  
3. Avco Corp. 
4. General Motors Corp. 

Other companies 

Total 

Other Aircraft  Par ts  

1. Bendix Corp. 
2. Lear Siegler Inc. 
3. United Aircraf t  Corp. 
4. Litton Industries Inc. 

Other companies 

Total. 

Airframes and Spares 

1. Lockheed Aircraf t  Corp. 
2. ?.:c%iirzll C G i p  
3. Boeing Co. 
4. General mamics corp. 

Other companies 

Total 

Missile and Space Systems 

1. Lockheed Aircraf t  Corp. 
2. American Telephone & . 

Telegragh Corp. 
3. Martin Marietta Corp. 

Value of 
Contracts 
Awarded Cumulative 
(millions) Percent Percent 

$ 795.0 36.3 
621.0 28.8 65.2 
301 9 13.8 79.0 
164.3 7.5 86.5 
294.6 13.5 100.0 

71.8 6.0 
62.8 6.0 
59.6 5.7 
55.7 5.3 

803.6 76.3 

19.9 
i a  C; 

947 9 

554.8 11.6 
503.0 10.6 

2,104.6 44.2 

&J." LIto a UT2.V 

4,760.2 100.0 

509.7 11.6 

444.1 10.1 
363.0 6.0 

4. North American Aviation Inc. 306.1 7.0 
Other companies 2,836.1 65.4 

Total  4,45900 100.0 

u . 0  
18.4 
23.7 
100.0 

21.7 
41.4 
28.7 
100.0 



Market Category 
and Company 

Ships 
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Appendix Table 1 Continued 

1. General Dynamics Corp. 
2. General Electric Co. 
3. U. S. Atomic Ehergy 

Commission 
4. Westinghouse E lec t r i c  Corp. 

Other companies 

Total 

Combat Vehicles 

1. General Motors Cow. 

3. Chrysler Corp. 
4. Bowen McLaughlin 

2. FMC Corp. 

Other companies 

Total 

Non-combat Vehicles 

1. Kaiser Industries Inc. 
2. Ford Motor Co. 
3. General Motors Corp. 
4. Continental Motors 

Other companies 

Total 

Weapons 

1. General Elec t r ic  Co. 
2. Colt  Manufacturing Co. 
3. Emerson Electric Manu??. Coo 
4. Federal Republic of Germany 

Other companies 

Value of 
Contracts 
Awarded 

millions) Percent 

$ 80.3 19.6 
92.8 6.5 

84.5 5.9 
79.4 5.5 

1,099.2 62.5 

170 9 28.9 
89.6 15.2 
86.1 14.6 
39.8 6.7 

203.9 34.6 

590 3 100.0 
2 

3579 5 35-8 
89.1 a-9 
55.4 5.5 
52.4 5.2 

444.8 44.5 

999 2 100.0 

74.8 14.4 
60.5 11.6 
14.6 2.8 
12.6 2.4 

361.0 68.8 

523.5 100.0 

Cumulative 
Percent 

26.0 

31.9 
37.5 

loo. 0 

44.1 
5 8 e 7  
65.4 

10ch0 

44J 
50.2 
55.5 

100.0 

25.9 
28.7 
31.2 

100.0 

Tota l  



. 
Market Category 

and Company 

Ammunition 
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Appendix Table 1 Continued 

1. Honeywell Inc. 
2. 
3. Ol in  Mathieson Chem. Corp. 
4. Remington A r m s  Corp. 

Other companies 

General Tire & Rubber Corp. 

Total 

Value of 
Contracts 
Awarded  
jmillionsl Percent 

$ 155.8 5.1) 
1 9 . 6  5.3 
15% 6 5.3 
139.6 1.8 

2,295.8 79.3 

2,899.4 100.0 

Electronics Equipment 

1. Collins Radio Co. 228.6 5 7  
2. Sperry Rand Corp. 181.0 4.5 
3. I n t n ' l  Teleph. & Telegraph 175.7 4.4 
4. Westinghouse Electr ic  Corp. 170.6 4.3 

0 the r companies 3,239 0 81.1 

Total 3,99500 loo. 0 

Petroleum 

1. Standard O i l  Co. of New Jersey 207.9 16.2 
2. Royal Dutch Petroleum Co. 106.6 8.3 
3. Socony Mobil Oil Co. 93.2 7-3 
4. Standard O i l  CO. of Calif. 83.3 6*5 

Other companies 786.5 a. 6 

Total 1,27904 100.0 

Building Supplies 

14.2 
4.8 

1. Kaiser Industries Inc. 58.6 
2. Joseph Pickards & Sons 19.6 
3. Dar Chemical Co. 18.4 4.5 
4. Syro Steel CO. 16.3 4.0 

Other compani e s 298.8 72.6 

Total  4u.7 100.0 

Cumulative 
Percent 

10.7 
15-9 
M.7 

loo. 0 

10.2 
14.6 
18.9 

100.0 

24.5 
31.8 
38*3 

1gg.0 

14.8 
19.3 
27.4 

100.0 
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Appendix Table 1 Continued 

. 
1 -  

Market Category 
and Company 

Value of 
Contracts 
Awarded 

millions ) Percent 

Production Equipment 

1. Kearney Trecker Corp. $11.7 6.5 
2. Avco Corp. 10.7 6.0 
3. General Electr ic  Co. 7.7 4.3 
4. U. S. Steel corp. 6.9 3.8 

Other companies 142.5 79.4 

100.0 Total  179.5 

Transportation Equipment 

1. General h e r .  Transportation 4.1 45.4 - 
2. General E lec t r i c  Co. 
3. Marlis Industries Inc. 
4. Mansa daggon GMBH 

Other companies 

Total 

Construct ion 

1. Raymond-Morrison-Knudsen 
2. Morrison Knudsen & Assoc. 
3. Kidde Walters Constructors 
4. Creighton Ernst & Wallace 

Other companies 

Total 

Construction Equipment 

1. Clark Equipment Co. 
2. Internat ional  Harvester 
3. Chrysler Corp. 

547 9 29.5 
35.5 1 0  9 
25.0 1.4 
22.9 i.2 

1,224.7 66.0 

1,856.1 10000 

34.1 15.8 
21.2 9.8 
19.6 9.1 

4. American Hoist and Derrick Co. 19.9 9.0 
Other companies 122.2 56.4 

Total 217.1 100.0 

Cumulative 
Percent 

12.5 
16.8 
20.6 

100 .o 

70.7 
17.7 
83.0 
100.0 

25.6 
31.6 
43.6 
100.0 



25 

. 
.. Market Category 

and Company 

Materials Handlinq Equtpmnt 

Appendix Table 1 Continued 

Value of 
Contracts 
Awarded 
(millions1 Percent 

1. Pettibone Mulliken Corp. $ 14.4 13.6 
2. O t i s  Elevator Co. 9.6 9.1 
3. Hyster Coo 9.2 8.7 
4. Condec Corp. 3.9 3.8 

Other companies 68.2 64.8 

Total 105 3 100,o 

A l l  Other Supplies and Equipment 

1. Delong Corp. 38.5  2.6 
2. Caterpi l lar  Tractor 26.2 1.8 
3. HUPP COQ. 23.9 1.6 
4. General Cable Corp. 20.9 1.4 

Other companies 1,354.2 92.5 

Total 1,463 6 100.0 

Other Fuels and Lubes 

1. Shipping & Coal Co. 25.4 46.8 
2.  U. S. In te r ior  Dept. 3.7 5.7 
3. Evan Jones Coal Co. 2.9 5.3 
4. Pit tson Clinchfield Coal Sales 2.2 4. i  

Other companies 20.7 38.1 

Total 54- 3 100.0 

Cmu3.a t ive 
Pe r cent 

22.7 
31.5 
35-2 

loo. 0 

4.4 
6.0 
7.5 

l oa0  

Photographic Supply and Equipment 

1. Eastman Kodak Co. 42.8 26.0 
2. Kollsman Instrument Corp. 20.0 12.1 38.1 
3. McDonnell Corp. 16.4 9.9 48.0 

Other companies 78.2 47.2 100.0 

4. Fairchild Camera & Instrument 
C O T .  7.5 4.8 52.8 

Toto1 164.8 100.0 
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Market Category 
and Company 

Containers 
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Appendix Table 1 Continued 

1. Goodyear Tire and Rubber Co. 
2. U. S. Rubber Co. 
3. ETS Rokin & Galvin Inc. 
4. Washington Aluminum Co. 

Other companies 

Total 

Subsistence 

1. Oscar Mayer & Co. 
2. General Foods Corp. 
3. Swift & Co. 
4. Blue Star  Foods Inc. 

Other companies 

Total 

Medical and Dentai Equipment 

1. American Cyanamid Co. 
2. American Home Products Corp. 
3. Chas. E. Pf izer  Co. 
4. Ster l ing  D r u g  Co. 

Other companies 

Total 

Textiles and Clothing 

1. J. P. Stevens Co. Inc. 
2. Burlington Industries 
3. Prestex Inc. 
4. Putman MUS corp. 

Total 

Value of 
Contracts 
Awarded 
(millions 1 Percent 

$ 2.8 39.9 
1.7 22.6 
1.2 16.8 
.6 8.9 
.8 11.8 

7.2 100.0 

33.1 3.0 
21.8 2.0 
20.0 1.0 
13.7 1.2 

1,013.8 92.0 

1,102.4 100.0 

10.3 
9.7 
9.1 
7.9 

178.3 

4.8 
4.5 
4.2 
3.7 

82.8 

215.2 100.0 

75.8 5-9 
36.4 2.8 
28.7 2.2 
28.3 2.2 

1,117.2 86.0 

1,286.4 100.0 

Curnula ti ve 
Percent 

62.5 
79.3 
88.2 
100.0 

5.0 
6.a 
8.0 

D . 0  

9.2 
13.5 
17.2 

100.0 

8.7 

13.2 
11.0 

100.0 
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Appendix Table 1 Continued 

(. 

Market Category 
and Company 

I C  
c 

Value of 
Contracts 
Awarded 
I m i  I l ions ) Percent 

1. Pan American World Airways 

2. American Telephone & 

3. International Business 

Inc. $ 170.1 5.6 

Telegraph Corp. 153.2 5.0 

Machines 114.4 3.3 
4. Defense Fac i l i t i e s  Admn. 97.1 3.2 

Other companies . 2,506.2 82.4 

Total 3,041.0 100.0 

Cumulative 
Percent 

10.6 

14, k 
17.6 
100.0 

Source: Computed from data supplied by Data Services Center, Comptroller, 
Headquarters U. S. A i r  Force. 


